The fine structure of the yeast cell wall during protoplast formation was studied by means of phase-contrast microscopy and the freeze-etching technique. The freeze-etching results indicated that at least in some cases the entire wall substance was not removed from the surface of the protoplasts. After a treatment of 30 min to 3 hr with 2% snail enzymes, an innermost thin wall layer as well as remnants of the fibrillar middle layer sometimes could be demonstrated.
The fine structure of the yeast cell wall during protoplast formation was studied by means of phase-contrast microscopy and the freeze-etching technique. The freeze-etching results indicated that at least in some cases the entire wall substance was not removed from the surface of the protoplasts. After a treatment of 30 min to 3 hr with 2% snail enzymes, an innermost thin wall layer as well as remnants of the fibrillar middle layer sometimes could be demonstrated.
The term "protoplast" means the living unit of the plant cell which lies within the cell wall and which in proper conditions can be plasmolyzed away from it. Kuster (11) has shown that the protoplast is able to survive if the cell wall is removed under proper conditions. He called these cells from which the cell wall had been removed "gymnoplasts." In microbiology, the term "protoplast" has been established to de- scribe bacterial forms in which the cell wall is entirely removed by the action of enzymes (3) . For forms which retain remnants of the wall, the term "spheroplasts" is generally used (24) . During the past decade, these terms have been generally accepted for bacteria as well as for yeasts. In the case of yeasts, evidence has not been presented that the cell wall is entirely absent from the spherical units which are very sensitive to osmotic shock.
The technique of freeze-etching, developed by Moor et al. (14) , makes it possible to examine the surface structure of cell membranes and organelles, whereas conventional methods of electron microscopy did not allow this. Surface views of yeast plasma membrane were first published by Moor and Muhlethaler (13) . The present work was undertaken to study the related problems of cell wall architecture and of protoplast formation.
In this report, the term "protoplast" is used for 
RESULTS
It is known that yeasts reproduce in three different ways-by budding, by fission, and by a process between these two. In an earlier paper, I reported that different kinds of scars and different cell wall architectures arise, as a result of structural changes produced in the wall, in association with cell division (22) . Therefore, reppresentatives of budding yeast (S. cerevisiae), apiculate yeast (S. Iudwigii), and two types of fission yeasts (S. pombe and E. magnusii) were studied. Figure 1 illustrates both the surface of the plasmalemma and the fractured cell wall of an exponentially growing cell of S. ludwigii and reveals the essential characteristics, as reported by Moor After incubation for 30 min in the digestion medium, some of the cells appear to be unchanged as revealed by phase-contrast microscopy; in other cells, the cytoplasm shrinks away from the cell wall. Spherical protoplast-like bodies susceptible to osmotic changes also occur. Even in cells which apparently do not show any changes, the freeze-etchings suggest an alteration in the ultrastructural integrity of the cell wall. An innermost thin wall layer can be observed on the surface of the plasmalemma covered by particles (Fig. 2) . This layer has never been seen in untreated cells. In shrunken protoplasts which remain within the wall, the replicas of oblique sections reveal the presence of the same thin layer closely adhering to the surface of the plasmalemma (Fig. 3) .
The sensitivity to lytic snail enzymes of cells from different species, as well as of individual cells of the same species, varies greatly. However, after incubation for 90 min, almost all cells of the species investigated, excepting E. magnusii, became spherical and osmotically fragile. In the presence of 2-mercaptoethanol, the conversion to spheroplasts and protoplasts proceeds faster. Frequently, the protoplasts do not emerge but remain within the wall as it is being digested. Gradually, both the surface layer and the matrix are degraded (Fig. 4) . Next, the protective fibrillar network is dissolved (Fig. 5) , and, finally, the innermost wall layer is left behind (Fig. 6 and 7) . Occasionally, protoplasts and spheroplasts are extruded through a hole in the wall. In the phasecontrast microscope, delicate filaments connecting the emerging protoplast to the cell wall can often be observed, this is especially pronounced in E. magnusii and S. pombe. These filaments probably are identical with the innermost wall layer. Filaments arise when the innermost wall layer is loosened from the wall in some places by enzyme. action. Only if the innermost wall layer remains attached to the rest of the cell wall or is ruptured and shed in the suspending medium are wall-free protoplasts obtained (Fig. 8) .
Freeze-etchings of fractured yeast spheroplasts and protoplasts have provided evidence that the surface of the plasmalemma remains almost unchanged after the action of snail enzyme. The appearance and distribution of particles is approximately the same as described for untreated cells. However, the shape and depth of the invaginations are affected by the molarity of the stabilizing medium. Even In S. pombe, S. ludwigii, and Sporobolomyces sp. (21) , in Candida utilis, Oospora suaveolens, and Geotrichum lactis (7), and in S. pombe (8) , fine filaments connecting the protoplast and the cell wall have been observed by phase-contrast microscopy. Earlier attempts by electron microscopists to demonstrate these structures and their significance were without success. My observations suggest that the fine filaments represent remnants of the innermost wall layer which remain partly attached to the rest of the cell wall.
Ottolenghi (19) reported that annular rings of bud scars are attached to a membranous matter which remains behind after snail enzyme treatment. Although residues of bud scars have not yet been observed in freeze-etching micrographs, the membranous matter described by Ottolenghi (19) is most probably identical with the innermost wall layer.
During the past decade since protoplasts in yeast were described (5, 15) , the total absence of the cell wall on the surface of the protoplasts has been discussed. On the ultrastructural level, only ultrathin sections have been studied (6, 8, 16) , and no evidence of the presence of cell wall remnants has been found. Recently, Webley et al. (27) described "a structure resembling a spheroplast" in S. cerevisiae cells lysed by the culture fluid of Cytophaga johnsonii. On the basis of light microscopy studies, Ottolenghi (19) considered the possibility that in some cases remnants of the cell wall remain attached to the protoplasts. The freeze-etching results indicate that, at least in some cases, the entire wall substance has not been removed. The yeast populations studied represent a mixture of spheroplasts and protoplasts.
The susceptibility of the innermost wall layer and the rest of the cell wall with respect to attack by Helix pomatia digestive juice seems to be very different. The reason for its higher resistance in S. cerevisiae may be as follows. It is generally agreed that bud scars are more resistant to enzymatic digestion as well as to treatment with chemicals than is the rest of the cell wall. Recently, it was reported that after treatment with snail enzymes a thin membrane remains attached to the bud scars (19) . This thin membrane is most probably the cell wall layer which remains behind after treatment with acid and alkali, and which can be seen in the electron micrographs of Northcote and Horne (18) . Houwink and Kreger (10) (9, 20) . However, the possibility cannot be entirely excluded that, in addition to the glucosamine polymeric complex which is very probably chitin, polypeptides (i.e., proteins) could be present in the innermost wall layer.
Protoplasts of yeasts have proved to be of great experimental value. Therefore, the availability of a method for preparing protoplasts free from wall remnants is very important. The removal of the innermost wall layer by selective degradation by specific enzymes or by the use of wall lytic microbial enzymes should give the desired wallfree preparations. Another possibility which seems to be even more promising involves the rupture of the innermost wall layer by changing the osmotic conditions (19) .
At present, the criteria for defining protoplasts are loss of rigidity, resulting in a spherical form, and osmotic fragility (25) . However, both criteria refer to spheroplasts as well as to protoplasts. Thus, it might be advisable to develop specific methods for the identification of protoplasts. Although the freeze-etching method allows the demonstration of remnants of the cell wall on the surface of the plasmalemma, quantitative evaluations of the presence of protoplasts and spheroplasts seem to be rather problematic. In most cases the innermost wall layer, as well as the surface of the plasmalemma, appears on the freeze-etchings; however, it may be that in some cases the fracture plane follows the surface of the plasmalemma. Furthermore, the medium used for the stabilization of protoplasts could give rise to structures resembling the thin wall layer.
Studies concerning the porosity of the innermost wail layer, its osmotic characteristics, and the location of hydrolytic enzymes, associated with the wall would be desirable. In addition, the eventual role of the innermost wall layer in the formation of the cell wall needs to be investigated. These considerations make the existence of the innermost wall layer described in this paper a matter of great interest.
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